One sentence summary: Bacterial communities of high altitude Himalayan region are a rich reservoir of bioplastic producing genetic machinery that could be a survival and adaptation strategy. Editor: Paolina Garbeva
INTRODUCTION
Global utilization of petrochemical-based plastic materials is a major concern to our society and environment due to their recalcitrant nature and threat to fossil resources (Rehm 2010; Chen and Patel 2012; Zhu et al. 2016) . Also, the non-degradability of plastics leads to their accumulation in millions of tons in the land and oceans, causing a severe threat to food web and ecosystem (Eriksen et al. 2014; Jambeck et al. 2015) . Therefore, there is an urgent need to search and explore an alternative and reliable source of plastic which can fulfill the requirements of society in an ecofriendly manner.
Polyhydroxyalkanoates (PHA) are the bioplastic produced by some bacteria and archaea as a storage source of carbon and energy in response to nutritional limitations especially nitrogen (Luengo et al. 2003; Rehm 2010) . PHA is a family of biodegradable polyesters synthesized by various microorganisms from a variety of substrate including sugars, fatty acids, CO 2 and methane. These polyesters have gained interest worldwide because of their biodegradable nature, renewable origin and numerous applications such as in packaging, industrial raw materials and in the biomedical industry (Li and Loh 2015; Masood et al. 2016; Ray and Kalia 2017) . Additionally, PHAs are seen to be the potential replacement of conventional petroleum-based non-biodegradable plastics (Akaraonye et al. 2010) .
In the past, many microbes with PHA synthesis capability have been reviewed for their isolation, characterization and potential applications (Tan et al. 2014; Anjum et al. 2016) . However, the high cost of PHA compared to petrochemical-based plastic remains a challenge for their commercialization (Wang et al. 2014) . Therefore, continuous efforts are needed to explore better PHA producers, to engineer the existing pathways and develop improved bioprocess with cheaper substrates to meet the challenges. It has been hypothesized and believed that many bacteria employed PHA synthesis for survival and adaptation in the stressful and cold environment (Ruiz et al. 2001; Pham et al. 2004; Obruca et al. 2016) . Few recent studies on Antarctic and Arctic bacteria had shown the accumulation of PHA (Goh et al. 2012; Ciesielski et al. 2014; Sathiyanarayanan et al. 2017) , which probably help them to withstand starvation and hostile conditions. Apart from the polar region, other extreme environmental niches such as oceans (Lopez-Cortes et al. 2008; Wang et al. 2010; Wecker et al. 2015) , mangrove (Moorkoth and Nampoothiri 2016) and saline (Legat et al. 2010; Cervantis et al. 2014 ) have been also explored for PHA producing microbes. Such extreme habitat offered promise to discover unique microbes with novel pathways and improved PHA production suited for industrial needs. The Himalayan mountain range is underexplored reservoirs of bioresources, although they have substantial biotechnological potential. The microbial ecology in unique niches of Himalayas is continuously influencing by fluctuating physiochemical conditions i.e. temperature, pH, oxidative stress, low partial pressure, wind velocity, UV (Stres et al. 2013 ) and glacial retreat (Hotaling et al. 2017) . Therefore, there is a great opportunity and potential for the discovery of novel microbes for PHA. Realizing the evident stressful conditions in the high altitude regions of Himalaya, we initiated this work to explore and prospect bioplastic reservoirs, i.e. PHA producing bacteria and their genetic machinery for commercial applications and understanding their survival distribution with altitude variations.
MATERIALS AND METHODS

Samples collection
Soil and water samples (each in duplicate, 20-30 g of soil and 50 mL of water in sterile tubes) were collected from plant rhizosphere, rocks, river, the glacial lakes and glacial streams in several sites of Pangi-Chamba trans-Himalayan (PCH) region of western Himalaya in Himachal Pradesh, India (Table 1) . After collection, these samples were kept at 4
• C during transportation to the lab and stored at 4
• C until further use.
Isolation and screening of bacterial isolates for PHA production
Soil samples were enriched in PHA production medium (Goh et al. 2012 ) with slight modifications (per liter of medium containing; 6 g K 2 HPO 4 , 3 g KH 2 PO 4 , 0.5 g NH 4 Cl, 1 g NaCl, 1 mM MgSO4, 0.1 mM CaCl 2 ) for 5 days at 20
• C and 150 rpm. Enriched cultures were then serially diluted in saline solution and were plated in triplicate on appropriate agar plates having PHA production media. Water samples were then directly plated in duplicate on Antarctic Bacterial Medium and in PHA agar medium. The plates were further incubated at 4 • C and 20
• C until colonies appeared. Isolated pure bacterial colonies were screened for PHA production on PHA agar plate having nile red or nile blue dye in a final concentration of 0.5 μg mL −1 . These plates were further checked for growth and fluorescence under UV transilluminator at an interval of 24 h up to 7 days.
Molecular characterization of bacterial isolates
From morphology and PHA plate assay, bacteria were selected for 16S rDNA sequencing and identification. DNA sequencing was performed using ABI 3130XL Genetic Analyzer (Applied Biosystems). The sequence data analyzed in the light of related sequences in GenBank database and Eztaxon. The partial 16S gene sequences of 70 isolates were submitted to GenBank database with accession numbers from MF774109 to MF774178.
PCR-based screening of phaC gene
For the detection of the phaC gene in PHA-positive bacterial isolates, PCR was performed using literature-based primers. The slight modification (highlighted in bold) at degenerate positions (forward primer G-D 5 -GTGCCGCCBYNSATCAACAAGT-3 and reverse primer G-1R 5 -GTTCCAGWACAGSAKRTCGAA-3 ) (Romo et al. 2007 )\(I-179L 5 -ACAGATCAACAAGTTCTACATCTTCGAC-3 and I-179R 5 -GGTGTTGTCGTTGTTCCAGTAGAGGATGTC-3 ) (Solaiman and Ashby 2005) were indicated. The sequenced partial phaC gene amplified using GD and I179 primers were submitted to NCBI GenBank with accession numbers from MF939405 to MF939447 for 43 isolates and MF939448 to MF939471 for 24 isolates, respectively.
Phylogenetic and diversity analysis
Multiple sequence alignment of 16S rDNA sequences, partial phaC genes, translated amino acid sequences and phylogenic analysis was carried out using MEGA version 6 (Tamura et al. 2013) . Pearson correlation coefficient (R), R-squared (R 2 ) and probability (P) values were calculated using online Social Science Statistics tool (http://www.socscistatistics.com/) between two variables i.e. altitude of sampling sites and PHA-positive isolates obtained from such sites. The diversity indices, i.e. Shannon diversity index (H'), Simpson's index (D 1 ), Evenness (E), Dominance (D), were calculated for identified bacterial isolates (Table S1 , Supporting information) from soil and water samples using formulas in MS Excel and Paleo-ecology statistics freeware package (PAST3.x) (Hammer et al. 2001) . The principal component analysis was performed for five variables i.e. sampling sites, mean altitude of sampling sites, PHA-positive isolates, their bacterial phylum and overall total isolates using software PAST3.x.
PHA production, estimation of biomass and PHA content
Different PHA-positive bacterial isolates were grown in PHA production broth at 20
• C and harvested at a time interval of 24 h starting from 24 to 108 h of cellular growth. Biomass was also taken at each 24-h intervals, and dry cell weight was calculated. PHA was extracted from dried cells by refluxing the cells with sodium hypochlorite: chloroform (1:1) at 37
• C for overnight followed by centrifugation at 3000 g for 10 min. The lower layer of chloroform containing dissolved PHA was pipetted carefully and precipitated with four to five times volume of chilled methanol. Precipitated PHA was collected after centrifugation at 10 000 g for 10 min and re-dissolved in chloroform. The dissolved PHA was dried, weighed and expressed in milligram per milliliter (mg mL −1 ), and PHA content in % of the dry cell weight (% dcw) was calculated.
Determination of monomer composition of PHA using gas chromatography coupled with mass spectroscopy Digestion and derivatization of purified PHA were carried out as described (Sathiyanarayanan et al. 2017) and modified as per experimental needs. The methanolysed samples were filtered and injected automatically into the GCMS-QP2010 (Shimadzu) carrying ZB-5MS column of 30 mm × 0.25 mm and internal diameter 0.25 μm (Phenomenex) with a column flow of 1.28 mL min
and a split ratio of 1:10. The temperature of the injector and column oven was set at 250
• C and 40
• C, respectively, and the column oven temperature was programmed as 40
• C isothermal for 4 min, 40
• C to 220
• C at a rate of 4 • C/min and 220
for 15 min. Helium was used as carrier gas with a flow rate of 5.6 mL min −1 and 69.3 kPa pressure. Mass spectra were acquired at 1666 scan speed at 200
• C ion source and 250
• C interface temperatures, respectively. NIST/EPA/NIH library was used to predict the methyl ester of PHA monomers and their corresponding mass ion.
RESULTS
Isolation, screening and identification of PHA producing bacteria from PCH region
A total of 404 pure bacterial isolates, representing 190 (47%) from soil, and 204 (53%) from water samples were obtained. Out of 404, 89 (51%) from soil and 86 (49%) from water, a total of 175 bacterial isolates were found positive for PHA based on plate screening assay. Interestingly, while comparing the distribution of isolates along the altitudes, only 49 (28%) isolates were found below 3000 m, whereas 126 (72%) isolates were reported from above 3000 m. In fact, the distribution of PHApositive isolates increases with altitude, statistically validated by positive correlation values of R = 0.36, R 2 = 0.13 and significant P value of 0.03 (Fig. 1 ). The PCA with component 1 (47.95%) and component 2 (28.01%) together accounts for a total variance of 75.96%. The data analysis also showed a positive correlation between mean altitude of sampling site, PHA-positive isolates and the most dominated phylum Proteobacteria (Fig. S1 , Supporting information). Based on ARDRA grouping and qualitative plate screening assay, 70 isolates selected for 16S rDNA sequencing and molecular characterization. Identified bacterial isolates belonged to 43 species of 18 genera. They represent four bacterial phyla: 73% to Proteobacteria, 11% Actinobacteria, 10% Firmicutes and 6% Bacteroidetes ( Fig. 2 ; Table S2 , Supporting information). The class Gammaproteobacteria is most abundant in phylum Proteobacteria dominated by genus Pseudomonas, both in the number of PHA-positive isolates as well as the species diversity. Sixteen species of Pseudomonas were found positive on nile red as well as PCR-based phaC gene screening. Rahnella and Stenotrophomonas are other two genera found in this class. Among Betaproteobacteria, two genera, i.e. Collimonas, and Janthinobacterium, and two genera of Alphaproteobacteria namely Ensifer and Sphingomonas were found to have the PHA producing ability. In Actinobacteria, six genera namely Rhodococcus, Leifsonia, Microbacterium, Paenarthrobacter, Arthrobacter and Pseudarthrobacter were found positive for PHA producing ability. Only three genera from Firmicutes, i.e. Geobacillus, Bacillus and Paenibacillus, and two genera in Bacteroidetes, i.e. Flavobacterium and Sphingobacterium, were found positive for PHA ( Fig. 3; Fig. S2 ; Table S3 , Supporting information). Although Pseudomonas, Janthinobacterium, Bacillus and Stenotrophomonas are well-reported genera with PHA synthetic ability and consistent with current study also, but additionally we reported few genera such as Rahnella, Collimonas, Ensifer, Paenarthrobacter and Pseudarthrobacter with the ability to produce PHA for the first time.
The overall diversity of isolated and identified PHA-positive bacterial community at genus level have Shannon index (H ) value of 2.046 suggesting for good diversity. However, the lower values of Evenness (E) and Simpson's index (D 1 ), i.e. 0.708 and 0.741, respectively, imply that few genera dominate the community, evidently the Pseudomonas and Janthinobacterium. Soil samples have higher diversity at genus level as compared to water; former has higher H and latter has high D value (Table S1 , Supporting information).
The abundance of Pseudomonas in overall diversity and their capacity to produce PHA is evidently noticeable. In this genus, 34 isolates (∼50% of total identified bacterial isolates) belonged to 16 putative species (closest match obtained by 16S rDNA sequence analysis in Eztaxon). They are grimontii, canadensis, helmanticensis, gessardi, geinekei, orientalis, arsenicoxydans, frederiksbergensis, migulae, granadensis, donghuensis, simiae, baetica, extremaustralis, thivervalensis and fluorescens. Pseudomonas is followed by genus Janthinobacterium for PHA production with seven isolates and two putative species namely lividum and svalbardensis. Two species each from genera Rahnella (species victoriana, aquatilis), Arthrobacter (species oryzae, globiformis), Bacillus (species safensis, aryabhattai), Geobacillus (species thermoleovorans, kaustrophilus) and Flavobacterium (species hibernum, tiangeersense) were obtained. Above all, only single species each from all other genera was also reported (Table S2 , Supporting information). Despite the fact that a higher percentage matching (>99%) of isolated bacteria with type strains in Eztaxon database, still eight isolates have 16S rDNA sequence similarity below 99% with reported type strains. Among these, two isolates PCH165 and PCH181 have similarity 98.56% and 97.53% with Janthinobacterium svalbardensis JA-1(T) and Collimonas pratensis Ter91 (T), respectively (Table S3 , Supporting information). Therefore, these isolates could be considered as potentially novel bacterial isolates with PHA producing ability.
Molecular detection and diversity of phaC gene
PHA synthesis is a multi-enzymatic process where PHA synthase encoded by phaC plays a key role in the polymerization. The presence of this gene in a bacterium is one of the molecular signatures for PHA synthetic ability. Therefore, ability to synthesize PHA at the molecular level was detected using degenerate primer pairs GD, GD 1-R and I179-L, I179-R. Primers GD and GD 1-R specific for both short chain length (scl) and medium chain length (mcl) PHA were able to detect partial phaC genes in 41 isolates. I179-L and I179-R primers specific for mcl PHA were able to detect 22 isolates, which were also successfully detected by GD primers (Table S3 , Supporting information). These primer pairs were able to detect partial phaC gene from both Pseudomonas and Arthrobacter. However, a group represented by few genera of Stenotrophomonas, Collimonas, Janthinobacterium, Pseudarthrobacter, Ensifer, Sphingomonas and Rhodococcus were only amplified for phaC using GD primer. Bacterial isolates such as Bacillus, Geobacillus, Rahnella and Flavobacterium did not give any amplification with either sets of primers. Twenty-two isolates were amplified by both primer pairs, whereas in 19 isolates phaC gene was only amplified by GD primers alone. Both sets of primers also amplified two bacterial isolates PCH38 and PCH197 isolated earlier in the lab. Multiple sequence alignment of partial phaC genes obtained by two sets of primers and their translated amino-acid sequences showed conservation. Analysis of phylogenetic tree based on 16S and partial phaC gene amplified using GD and I179 primers suggested horizontal gene transfer event among the species, genus and phylum (Fig. 4) . The phylogenetic tree based on phaC gene did not follow the taxonomic pattern of 16S rDNA. Comparatively, partial phaC genes of Arthrobacter and Pseudarthrobacter, and Rhodococcus (members of Actinobacteria) are grouped within Pseudomonas which belonged to Proteobacteria (Fig. 4) . In spite of the fact that the phylogeny is based upon partial phaC genes and protein (deduced amino-acids from nucleotide sequences), still lateral flow of genes was evidently noticeable among interspecies, genus and phylum level.
Quantitative screening for PHA synthesis
Twenty bacterial isolates selected for PHA synthesis based on fluorescence intensity on nile red plates, the presence of the phaC gene and taxonomic position. The bacterial isolates were grown for different time intervals in PHA production broth in the presence of either glucose or sodium octanoate or both as a sole carbon source. Out of these 20 isolates, 12 have shown the ability to synthesize PHA based on PHA contents to dry cell weight ratio and gas chromatography coupled with mass spectroscopy (GC-MS) analysis of PHA monomer (Table 2) . Pseudomonas sp. PCH123 was isolated from the soil sample, and it could accumulate poly-3-hydroxyoctanoate (PHO) (upto 35% of dry cell weight) when grown in PHA broth containing glucose and sodium octanoate as the carbon source. Janthinobacterium sp. PCH140 and Arthrobacter sp. PCH145 isolated from soil samples have shown potential for mcl PHA production. Both isolates produced PHA from glucose, former produced 36%, whereas latter accumulated 15% to their dry cell mass. Rahnella sp. PCH160 isolated from a glacial stream produced poly-3-hydroxybutyrate (PHB) to 20% of its dry weight after 48 h of incubation. Janthinobacterium sp. PCH172, Janthinobacterium sp. PCH175 and Collimonas sp. PCH180 were isolated from glacial water samples at 4
• C and
produced PHB approximately 40, 53 and 14% to their dry cell weight, respectively. Ensifer sp. PCH186 isolated from a high altitude plant rhizosphere has been observed to produce very good biomass (1.57 mg mL −1 ) and PHB (49%) on glucose-rich medium.
Paenarthrobacter sp. PCH191 and Microbacterium sp. PCH192 were isolated from the soil sample of PCH region and found to produce PHB to 26 and 67%, respectively. Bacillus sp. PCH190 has shown the ability to produce copolymer polyhydroxy (butyrateco-octanoate) as revealed by GC-MS analysis. This bacterium was isolated from the soil sample and produces substantial cell mass (2.2 mg mL −1 ) compared to PHA (5%). Janthinobacterium sp.
PCH165 isolated from a glacial lake is a true psychrophile which grew below 20
• C. This bacterium is a potential novel isolate having 16S rDNA sequence similarity 98.56% with Janthinobacterium svalbardensis JA-1(T), and it produced PHB when grown at 4
• C for 1 week. The results of GC-MS study confirmed the ability of these bacterial isolates to synthesize PHA under our experimental conditions.
DISCUSSION
PHA are the biodegradable bioplastic produced by many bacteria in response to environmental challenges. Besides their role in the bacterial survival and adaptation, these polyesters have been found to have immense industrial applications from the low-cost packaging to high values biomedical materials (Li and Loh 2015; Masood et al. 2016; Ray and Kalia 2017) . In fact, research in bioplastic had drawn considerable interest worldwide. In recent years, PHA producing microbes from unique and extreme habitat such as hypersaline area (Salgaonkar et al. 2013; Moorkoth and Nampoothiri 2016) , polar region (Goh et al. 2012; Ciesielski et al. 2014; Sathiyanarayanan et al. 2017) , hot springs (Xu et al. 2014; Xiao et al. 2015) and oceans (Lopez-Cortes et al. 2008; Sathiyanarayanan et al. 2013) were studied to find newer PHA producers. The finding from these investigations has prompted us to prospect PHA producing bacteria from high altitude region of Pangi-Chamba Himalayas in Himachal Pradesh since these extreme niches have turbulent environmental and fluctuating nutritional conditions favoring the possible PHA production. PHA producing bacterial communities obtained in the present study belonged to four phyla. Two third (73%) of them are from phylum Proteobacteria followed by Actinobacteria (11%), Firmicutes (10%) and Bacteroidetes (6%). The occurrences of genera Actinobacteria, Firmicutes and Proteobacteria are well documented in the western Himalayan region (Gangwar et al. 2009; Shivaji et al. 2011; Gupta et al. 2015) . However, in the present study, we exceptionally found the high amount of Proteobacteria. The abundance of Proteobacteria, especially Gammaproteobacteria, has been reported from the culturable bacterial diversity of western Figure 4 . Phylogenetic tree based upon amino-acid sequences deduced from partial nucleotide sequences of phaC gene amplified using GD primer specific for both scl/mcl PHA and I179 primers specific for mcl PHA. Symbol , class I; , class II; r , class III; and , class IV represent the reference protein sequence of PHA C subunit.
The number in parenthesis indicates GenBank accession number for partial phaC gene sequences. Himalaya (Gangwar et al. 2009 ). High prevalence of Proteobacteria among culturable bacterial diversity in the Himalayan region indicates its better adaptational and survival capability over others. PHA production is one of the strategies employed by bacteria to withstand harsh environmental conditions and nutritional stress (Lopez et al. 1995; Ruiz et al. 2001; Pham et al. 2004; Obruca et al. 2016) . The abundance of Proteobacteria could be correlated to their ability to produce PHA. Another interesting observation in ecological perspective is that the prevalence of PHA producing bacteria increases as the altitude of sampling site increases (Fig. 1) . Such findings strongly support our hypothesis of the role of PHA synthesis with the adaptability and better survivability in higher altitude region of Himalaya.
In the present study, PHA-positive bacterial isolates belonged to 18 genera. Rahnella, Collimonas, Pseudarthrobacter, Paenarthrobacter, Paenibacillus, Flavobacterium and Leifsonia are genera we reported for the first time to have PHA producing ability. However, the isolates from these newer genera need to be screened on the quantitative basis to confirm their PHA production ability further. Pseudomonas and Janthinobacterium were found to be most abundant for PHA producing ability in high altitude PCH region. Previously, members of these two genera have been found dominant PHA producers in Antarctic region (Goh et al. 2012; Ciesielski et al. 2014) . Hence, the outcome from these studies is inconsistent with findings from current investigation. It is evident that as altitude increases from sea level the overall stress conditions also became prevalent and this will affect the microbial community which tends to have lower diversity (Lynch et al. 2012; Horn et al. 2014) . In the present study, H' value 2.046 indicates excellent overall diversity at genus level among the PHA producing bacterial community (Table S1 , Supporting information). The diversity and dominance of PHA positive bacteria to high altitude region further support the role of PHA for their survival. However, the diversity indices do not depict the overall bacterial diversity of PCH region, since the isolation of bacteria was done mostly on the selective media for PHA production.
PHA synthesis ability in microbes is a function of many genes, such as phaA, phaB and phaC (Meng et al. 2014) . PHA synthase gene (phaC) is most studied target gene to identify and characterize at the molecular level (Solaiman et al. 2000; Solaiman and Ashby 2005; Romo et al. 2007; Nayak et al. 2013; Mahansaria et al. 2015) . By using the modified GD primer pair, partial class I or II phaC gene (∼550 bp) of 41 out of total 70 bacterial isolates were amplified. Partial class II phaC gene (∼540 bp) amplified using I-179 and also by GD primer pair from 22 isolates. This has suggested that these bacteria may have both classes (I and II) of phaC gene and can synthesize scl and mcl PHA and the rest 19 have the ability to produce only scl PHA. However, this may not be absolutely true as there may be variation in primer binding site in class I and II phaC genes or presence of the novel gene cannot be denied. The observation further strengthens this possibility that I179 primer pair only amplifies gene in Pseudomonas and Arthrobacter. However, GD primers amplified the partial gene from many genera, i.e. Pseudomonas, Arthrobacter, Stenotrophomonas, Collimonas, Janthinobacterium, Ensifer, Pseudarthrobacter and Sphingomonas. The phylogenetic tree based on the partial phaC gene and translated amino-acid sequences of these genera deviated from the 16S based phylogeny (Figs 3 and 4) . Notably, the partial phaC genes of some Actinobacteria, i.e. Arthrobacter, Pseudarthrobacter and Rhodococcus, have shown high similarity with Proteobacteria. This incongruence in the phylogeny of partial PHA synthase and 16S rDNA sequences suggested the possibility of horizontal gene transfer event at intra-phylum level. Very recently, KutralamMuniasamy et al. (2017) had observed Actinobacteria and Pseudomonas as close relatives based on the phylogenetic study of class II PHA synthase. Phylogenetic incongruence is a significant parameter to locate the occurrences of horizontal gene transfer event at intra-genus and phylum level (Ragan 2001; Lawrence and Ochman 2002; Nongkhlaw et al. 2012) . Such studies have again indicated the ecological role of PHA producing genetic machineries such as phaC gene and their lateral recombination event as a survival strategy of bacteria in the Himalayan region.
GC-MS has been extensively used in the past for the characterization of PHA from microbes (Lee and Choi 1995; Goh et al. 2012; Sathiyanarayanan et al. 2017) . In our study, out of 12 isolates screened by GC-MS, 8 have shown the ability to produce polyhydroxybutyrate while 4 can produce mcl PHA ( Table  2) . Out of these 12 isolates, only 4 strains showed amplification by GD primer, and both sets of primers positively amplified one isolate. Interestingly, other seven isolates found positive for PHA by GCMS analysis, did not even amplified by either of the primers (Table 2; Table S3 , Supporting information). Suggesting that those seven isolates must have some variations in their phaC genes or it may belong to other classes of PHA synthase. Above findings emphasized the uniqueness of Himalayan bacteria from PCH region. A more in-depth insight to their PHA producing genetic machinery at genomic level can provide a better understanding of their uniqueness, which is underway in our laboratory. To the best of our knowledge, there is no such study in the literature for exploration of PHA producing bacteria from high altitude region of Himalaya. However, few bioprospection study for PHA producers from Antarctic region has been carried out and the PHA production has been validated using GC-MS (Goh et al. 2012) and phaC-specific PCR (Ciesielski et al. 2014) .
In summary, it can be concluded that unique niches of high altitude Himalaya have diverse and abundant PHA producing bacterial community and PHA synthesis is a way to survive in the harsh and stressful environments in the Himalayas. Some potential PHA producing bacteria i.e. Collimonas sp. PCH180, Janthinobacterium sp. PCH172, Ensifer sp. PCH186 and Microbacterium sp. PCH192, have been unrevealed. In continuation of our efforts, above-mentioned bacterial isolates are being tested and optimized for PHA production, so that a commercial process can be designed in future.
